Introduction
Several studies suggest that ants, through predation and disturbance, have a negative impact on various arthropods, such as harvestmen (Opiliones), spiders (Araneae) and ground beetles (Carabidae) (Cherix & Bourne 1980 , Rosengren & Sundström 1991 , Niemelä et al. 1992 , Laakso & Setälä 2000 . Nevertheless, numerous arthropods live in an association with ants (see the reviews by Larsson 1943 , Kistner 1982 , Hölldobler & Wilson 1990 ). In a recent study in Finland, wood ant mounds (Formicidae, Formica spp.) were considered to be hot spots for earthworms and many arthropods that are not usually considered as ant-associated or myrmecophilous species (Laakso & Setälä 1997 . According to Laakso & Setälä (1997) , the activity and presence of ants create habitats that have highly different abiotic and biotic conditions compared to the surrounding forest floor. For example, wood ant mounds differ from the surrounding by having a high and regulated temperature, and high input of detritus and arthropod carrion (Rosengren et al. 1987) . Moreover, the wood ant mounds are actively shielded from various arthropod and vertebrate predators (e.g. ground beetles, spiders, birds and shrews). Based on these assumptions, we predict that ant colonies may also maintain a high species richness of many other arthropod groups.
Ant-associated insects have evolved different types of symbiotic relationships with ants. "Ant ENTOMOL. FENNICA Vol. 13 • Ant-associated beetles guests", commonly known as myrmecophiles, are dependent on ant societies at least during part of their life cycles (Hölldobler & Wilson 1990 ). Other species do so occasionally, functioning as casual predators or temporary nest commensals. Both of these ant-associated insect groups include a great variety of springtails (Collembola), beetles (Coleoptera) and butterflies (Lepidoptera), as well as less abundant representatives of a wide range of other insect groups (Hölldobler & Wilson 1990) .
One of the most diverse ant-associated insect taxa are beetles. According to Hölldobler & Wilson (1990) , 35 different ant-associated beetle families, consisting of thousands of species, have hitherto been recorded. Although the literature on ant-associated beetle species is enormous, a large part of the available data consists only of incidental observations or ecological studies of individual species. Only a few detailed lists of the host ants and their myrmecophilous beetles have been previously published (e.g. Johansen 1904 , Donisthorpe 1927 , Larsson 1943 , Collingwood 1957 , Wilson 1971 , Kistner 1982 , Hölldobler & Wilson 1990 , Wojcik 1990 , Franck 1992 , Kistner et al. 1997 , and an updated list on this fauna in Fennoscandia and Denmark is virtually lacking.
In this paper we survey the most comprehensive list of myrmecophilous and other ant-associated beetles in Fennoscandia (Finland, Norway and Sweden) and Denmark. The two groupsmyrmecophilous and other ant-associated beetles -will be hereafter referred to by the abbreviation AAB (ant-associated beetles). We also demonstrate that ant colonies are species rich habitats for beetles. This knowledge is based on the present literature of beetles and their ecology. The knowledge is reinforced by our own data, and by field observations of several coleopterologists. Finally, we discuss the previous classifications of myrmecophilous beetles.
Material and methods
In this study, we collected a list of beetle species, which have been observed with ants according to literature and some field observations. We also collected data on host ants and special requirements of beetle species. We used the following sources of information on ant-associated beetles.
Danmarks Fauna: Hansen & Henriksen (1927) , Larsson (1943) , Hansen (1950 Hansen ( , 1951a Hansen ( , 1951b Hansen ( , 1952 Hansen ( , 1954 Hansen ( , 1956 Hansen ( , 1957 Hansen ( , 1958 Hansen ( , 1965 Hansen ( , 1966a Hansen ( , 1966b Hansen ( , 1968a Hansen ( , 1968b Hansen ( , 1969 Hansen ( , 1973a Hansen ( , 1973b Hansen ( , 1973c Hansen ( , 1973d , Die Käfer Mitteleuropas Ökologie: (Koch 1989a (Koch , 1989b (Koch , 1992 and Svensk Insektfauna: Aurivillius (1917 Aurivillius ( , 1920 , Spessivtseff (1925) , Lindroth (1933 Lindroth ( , 1961 , Palm (1948 Palm ( , 1961 Palm ( , 1963 Palm ( , 1966 Palm ( , 1968 Palm ( , 1970 Palm ( , 1972 and Landin (1957) . In addition to these books, we collected data from some periodicals: Acta Entomologica Fennica, Annales Entomologici Fennici, Entomologica Fennica, Entomologica Scandinavica, Entomologisk Tidskrift, Entomologiske Meddelelser, Entomologist's Gazzette, Norwegian Journal of Entomology, Fauna Norwegica, Notulae Entomologicae. From these periodicals we used the following references. Meinert (1887 Meinert ( -88a, 1887 Meinert ( -88b, 1889 , Lovendal (1891-92), Johansen (1895 Johansen ( -96, 1903 Johansen ( , 1904 Johansen ( , 1906 , Schlick (1895 Schlick ( -96, 1897 , Holstebroe (1910) , Adlerz (1911 Adlerz ( , 1912 , Rosenberg (1913 Rosenberg ( , 1914 Rosenberg ( , 1924 , West (1913 West ( , 1930 , Krogerus (1934) , Palm (1936 Palm ( , 1943 Palm ( , 1946 Palm ( , 1947 Palm ( , 1954a Palm ( , 1954b Palm ( , 1956 Palm ( , 1959 Palm ( , 1979 Palm ( , 1985a Palm ( , 1985b , Palmen (1936) , Kangas (1938 Kangas ( , 1951 Kangas ( , 1982 Kangas ( , 1983 , Lindberg (1943) , Kryger (1945) , Lindgren (1945) , Widenfalk, 1954 , Kornerup (1960 , Collingwood (1957 Collingwood ( , 1959 Collingwood ( , 1965 , Wegelius (1960) , Lundberg (1961 Lundberg ( , 1972 Lundberg ( , 1973 Lundberg ( , 1976 Lundberg ( , 1977 Lundberg ( , 1978a Lundberg ( , 1978b Lundberg ( , 1980 Lundberg ( , 1981 Lundberg ( , 1983 Lundberg ( , 1984 Lundberg ( , 1993 , Hansen (1964 Hansen ( , 1967 Hansen ( , 1968c Hansen ( , 1970 Hansen ( , 1971 , Huggert (1967) , Skidmore & Johnson (1969) , Huggert & Ulefors (1971) , Baranowski (1975 Baranowski ( , 1976 Baranowski ( , 1979 Baranowski ( , 1980a Baranowski ( , 1980b Baranowski ( , 1982 , Szymzsakowski (1975) , Andersson (1977 Andersson ( ,1981 , Nilssen & Andersen (1977) , Rydh (1977) , Sörensson (1979 Sörensson ( , 1996 , Bangsholt (1981) , Persson (1981) , Gillerfors (1982 Gillerfors ( , 1990 , Pritzl (1982) , Ehnström (1983) , Andersen et al. (1984) , Hansen & Mahler (1985) , Mahler (1987) , Clayhills (1988) , Hansen (1988) , Johnson (1988) , Martin (1989) , Hansen et al. (1990 Hansen et al. ( , 1991 Hansen et al. ( , 1994 , Paulsen (1991) and Siitonen (1993) . See also Douglas (1858), Adlerz (1913) , Donisthorpe (1927) , Lindroth (1946) , Owen (1986 Owen ( , 2000 , Vallenduuk (1987 ), Franc (1992 , Völkl (1995) , Sagvolden & Hansen (1996) , Whitehead (1996) , Sloggett et al. (1999) and Jorum (2000) . Furthermore, our data include field observations from Finland (Päivinen 1999, Mukkala pers. comm., Rutanen pers. comm.) . In these field studies, all beetles were captured inside ant mounds and occasional observations were not included in our list.
Results
Based on the literature survey and field observations a total of 369 ant-associated species of beetles have been recorded in Fennoscandia and Denmark (Table 1) . These species numbers include both myrmecophiles and other ant-associated beetles (Table 1 ). The total number of host ant species was 39. The largest number of beetle species was found Table 1 . List of the ant associated beetle species and their host ants according to the studied literature and new field observations. * = myrmecophile according to Koch (1989a Koch ( , 1989b Koch ( , 1992 , and ** = myrmecophile according to Szymczakowski (1975) . Abbreviations under the column "host ant" are explained in Table 2 . Under the column Ref., 1 = Danmarks Fauna (Hansen & Henriksen 1927 , Larsson 1943 , Hansen 1950 , 1951a Acrotrichis atomaria (DeGeer, 1774) Frufa 
Euconnus maklinii* (Mannerheim, 1844) Lnige Gabrius sphagnicola (Sjöberg, 1950) Fural
30, 50
Gabrius splendidulus (Gravenhorst, 1802) 
Xantholinus linearis (Olivier, 1795) Lfuli, Frufa Lfuli, Lbrun, Frufa, Fsang Oxypoda serpentata Kangas, 1983 Frufa coll.
63
Oxypoda arborea Zerche, 1994 Lfuli 
Thiasophila bercionis* Bernhauer, 1926 Fural, Fexse myrmecophil 2, 23, 27, 65
Thiasophila inquilina* Märkel, 1844 Lfuli, Frufa, Fprat myrmecophil Table 1 . Continued.
Lomechusoides wellenii (Palm, 1949) Fural, Flugu, Frufa Oligota tantilla Mennerheim, 1843 Lasius spp.
6
Oligota pusillima (Gravenhorst, 1806) Lfuli, Frufa, Fexse 2, 3, 6, 27, 59, 67, 69, 81, 102, 103 Oligota uralensicola Kangas, 1982 Fural
61
Cypha nitida (Palm, 1935) Lbrun
113
Cypha hanseni (Palm, 1949 
------------------------------------------------Ant associated beetle species Host ant Special requirement
Ref.
-------------------------------------------------
Trimium brevicorne (Reichenbach, 1816) Lasius spp., hygrophil 1, 2, 16, 81
Fsuec, Frufa Batrisodes delaporti* (Aubé, 1833) Lbrun, Lfuli Paromalus flavicornis (Herbst, 1792) Lbrun, Lfuli Atholus corvinus (Germar, 1817)
Hetaerius ferrugineus* (Olivier, 1789) Mscab, Lacer, Continued Table 1 . Continued. with the host ant Formica rufa (166) and Lasius fuliginosus (156) ( Table 2 ). The largest number of the host ant species (15) was found for a staphylinid beetle Drusilla canaliculata (Staphylinidae). According to Koch (1989a Koch ( , 1989b Koch ( and 1992 ) the listed beetle species can be classified in 10 different groups by their ecological requirements (Table 1). In our data, 73 out of 369 beetles can be classified as myrmecophilous. Most of the other listed AAB species are hygrophilous (require moisture) and mycetophilous (require fungi) (Table 3) .
There were 162 beetle species, which had been observed with ants only according to one reference (see Table 1 ). The largest number of references (20) was found for a staphylinid beetle Quedius brevis.
Discussion
In this study, we encountered a total of 369 AAB species in Fennoscandia and Denmark, and 73
Frufa, Fprat Fpoly, Faqui Opatrum sabulosum (Linnaeus, 1761) Lnige, Ffusc
69
Pentaphyllus testaceus (Hellwig, 1792) Lbrun
Palorus depressus (Fabricius, 1790) Frufa, Fpoly Cossonus linearis (Fabricius, 1775) Lfuli
species of them are classified as myrmecophilous according to Szymzsakowski (1975) and Koch (1989a Koch ( , 1989b Koch ( and 1992 . The total number of beetle species in Fennoscandia and Denmark is about 5000 (Lundberg & Gustafsson 1995) . Thus, we can conclude that more than 7% of the beetle fauna of Fennoscandia and Denmark can be found with ants and may belong to the ant-associated species. However, 162 species have only one observation (reference) in our list (see Table 1 ). This may indicate that the total number of beetle species, which are able to live with ants, would be even higher if more information was available. On the other hand, this may indicate that many beetle species may occur with ants accidentally.
There is evidence that suggests that ants reduce the numbers of other arthropods, e.g. spiders (Araneae) and harvestmen (Opiliones) (Cherix & Bourne 1980 , Skinner & Whittaker 1981 , Niemelä et al. 1992 and Laakso & Setälä 2000 . However, only a few detailed investigations or experiments have been published concerning the ants' impact on beetle species occurrence (see Laakso & Setälä 1998 . Laakso & Setälä (2000) concluded that biomasses of large predatory arthropods were considerably smaller in the areas of high ant density than in the areas with few ants. However, the density of ants did not affect the total species richness of arthropods. In our opinion this is not surprising because many arthropod species in the study of Laakso & Setälä's (2000) study seems to be antassociated. We propose that in these kinds of studies arthropod species should be categorized to antassociated and other species, and these two groups should be dealt with separately. After this categorization it would be possible to find out whether ants affect other arthropods. Furthermore, Laakso & Setälä (1998) noticed that, based on surface area, ant mounds harboured an order of magnitude more abundant insect fauna than the surrounding soil, the typical Coleoptera taxa in the Table 2 . List of the host ant species with the abbreviations and the numbers of the ant-associated beetle species observed with them.
Abbreviations Number of ant-associated used in Table 1 beetle species Polyergus rufescens (Latreille, 1798) Prufe
mounds being Ptilidae and Staphylinidae. As many of the listed AAB species belong to these two families, our study provides some support for this finding (see Table 1 ). Koch (1989a Koch ( , 1989b Koch ( and 1992 has categorized beetle species according to their ecological requirements. Based on this classification, we divided ant-associated beetles into two groups: myrmecophilous species and other ant-associated species. Other ant-associated species are regularly found with ants, but based on Koch (1989a Koch ( , 1989b Koch ( , 1992 they are not necessarily dependent on ants. Koch (1989a Koch ( , 1989b Koch ( , 1992 has also categorized some beetle species as myrmeco-or mycetophagous (feed upon ants or fungus). We have categorized these species as myrmeco-or mycetophilous species, since they are clearly dependent on ants or fungus as a food resource. Also one mycetobiont (bounded to fungus) species is classified as mycetophilous. Furthermore, according to Szymzsakowski (1975) the endemic Nordic beetle species Eocatops lapponicus is classified as myrmecophilous too.
Vaz- De-Mello et al. (1998) have studied rare or poorly known beetle species of the family Scaradaeidae and propose that myrmecophilous interactions between beetles and ants are possibly more common than has been thought previously. We agree with Vaz- De-Mello et al. (1998) and state that many beetles, which are not previously known to benefit from ants, do so, however. According to present knowledge, it is difficult to specify which listed AAB species could be myrmecophiles.
A generally accepted classification of myrmecophilous arthropods is based on a series of works by Wasmann (e.g. Wasmann 1910 , translated into English by Wheeler in 1910). Wasmann devised 5 behavioural categories: (1) synechthrans (persecuted guests), (2) synoeketes (indifferently tolerated guests), (3) symphiles (true guests), (4) ectoparasites and endoparasites and (5) trophobionts (provide secretions to the ants). In the current study, we list beetle species that are classified as myrmecophilous according to Szymczakowski (1975) and Koch (1989a Koch ( , 1989b Koch ( , 1992 . As the ecology of these species is poorly known, we did not classify the species into the appropriate behavioural categories. Correspondingly, Larsson (1943) has classified ant-associated species by their behaviour to three categories; synechthrans, synoeketes and symphiles. All the beetle species belonging to these behavioural categories are myrmecophilous according to Hölldobler and Wilson's (1990) definition. Thus, there are many myrmecophilous beetles in Larsson's (1943) list that are not classified myrmecophilous according to Koch (1989a Koch ( , 1989b Koch ( , 1992 . It seems that at least both Larsson's (1943) and Johansen's (1904) description of myrmecophilous beetles is probably different from Koch's (1989a Koch's ( , 1989b Koch's ( , 1992 and Hölldobler & Wilson's (1990) . We propose that when a beetle species is found to associate with ants but knowledge of its basic ecology is lacking, the term ant-associated beetle (AAB) species should be used instead of the term myrmecophilous. Table 3 . The number of AAB species found with each host ant genus. AAB species are classified according to their ecological requirements. The same AAB species can have zero, one or two special requirements. 
-------------------------------------------------AAB species' special requirement ---------------------------------------

------------------------------------------------
Both AAB and most of the host-ant species are often difficult to identify. The largest number of listed AAB species exists with Formica rufa. Probably, at least in some older studies, most of the so-called F. rufa -group species (F. rufa, F. polyctena, F. aquilonia, F. lugubris and F. pratensis) have been incorrectly identified as F. rufa. Moreover the species F. aquilonia was not described until 1955 by Yarrow. This may partly explain why six times more AAB-species have been observed with F. rufa than with F. aquilonia, although the latter probably is the most common mound-building wood ant in Fennoscandia. Indeed, Päivinen (1999) found in Formica aquilonia mounds 20 ant-associated beetle species not previously recorded for F. aquilonia. In total, only 10% of AAB-species that Päivinen (1999) found in F. aquilonia's mounds were earlier observed with this species.
64 ant species have been recorded in Fennoscandia and Denmark (Collingwood 1979) . According to our study, AAB species were found with only 2/3 of them. Due to the poor knowledge of AAB species living with ants (see Päivinen 1999), we assume that clearly more AAB species could further be found with most of the ant species. To find more AAB species in the future, research should be focused on those ant species that do not exist on the present list.
Finally, we conclude that ant colonies are species rich habitats for many beetles in Fennoscandia and Denmark. In addition, myrmecophilous interactions between beetles and ants can be more frequent than previously thought. Despite the fact that ants have been shown to have negative association with many arthropods, ants seem to have an important role in maintaining beetle species diversity. We recommend the use of the term antassociated beetle (AAB) for beetles, which are found to live with ants. More detailed studies on the basic ecology of ant-beetle interactions should be done to determine which species are true myrmecophiles.
